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A bias for the use of the p-chlorophenyl substituent
In the design of new molecules, whether they are clinical candi-
dates or components of a combinatorial library, the medicinal che-
mist exercises structural choices based on a balance of literature
precedent and personal bias. It might be expected that the
composition of drug structures might reﬂect an even distribution
of functionality and substitution patterns. However, a recent sur-
vey has reported that there appears to be an unexpectedly strong
preference toward para-substitution on aromatic rings, and that
in particular, there is a pronounced preference for the incorpora-
tion of the p-chlorophenyl [1].
It has previously been demonstrated that medicinal chemists
apply a large degree of personal bias and subjective assessment
when appraising compound lists. It appears that such bias extends
to the selection of which building blocks to include in new mole-
cules. A Web-based poll at AstraZeneca asked medicinal chemists
to make their preferred choice for regioisomeric substitution
independent of any knowledge of the target or prior structure-ac-
tivity relationships. The very clear outcome of the survey indicated
that the para-position was highly favored over meta or ortho, a
choice that was rationalized by expectations of improved meta-
bolic blockade, enhanced potency or avoidance of steric issues with
ortho-substitution in particular. This result stimulated a broader
examination of regioisomer bias in other compound databases.
For example, among marketed drugs the p-chlorophenyl group
is found much more frequently (70% of occasions) compared with
other regioisomers. It is possible of course that this bias is based on
the greater availability of p-chlorophenyl precursors. For example
the ACD commercially available chemical database shows a slight
preponderance of this regioisomer, but it has to be considered
whether the bias in drug design follows a real advantage in drug-
like properties, the intrinsic availability of precursors, or some
other deeply held but possibly irrational beliefs by medicinal che-
mists. Indeed, it is possible to ﬁnd well regarded marketed drugs
with all three isomeric patterns of chlorophenyl: para-chloro in
haloperidol (1) and loperamide (2), meta-chloro in bupropion (3)
and trazodone (4), ortho-chloro in clopidogrel (5) and ketamine (6).http://dx.doi.org/10.1016/j.comche.2015.04.001
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One other argument for the popularity of p-chlorophenyl is that it is
an important node on the Topliss decision tree, a method for pursu-
ing rational SAR promulgated in the early 1970’s. Topliss proposed
that p-chlorophenyl is the next choice for synthesis if activity has
been seen with phenyl. The authors of the recent paper note how-
ever that there was a bias for p-chlorophenyl at AstraZenenca even
before the publication of Topliss’ inﬂuential paper. They also note
that the preference for para-substitution also affects substituents
apart from chloro, with a similar bias evident with many other func-
tional groups.
In conclusion, it is clear that meta- and ortho-substitution pat-
terns should not be ignored, and a policy of improving the non-pla-
narity of compound collections could be readily achieved by a
greater focus on ortho-substitution. Those engaged in the design
of combinatorial libraries or employing parallel synthesis should
also consider the diversity accessible through using a greater pro-
portion of meta and ortho-substituted aromatic rings.
A summary of the papers in this month’s issue
Polymer supported synthesis
No papers this month.
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A metal-free multicomponent coupling reaction of aliphatic
amines, formaldehyde, organoboronic acids, and propiolic acids
has been reported for the synthesis of diverse propargylamines.
This transformation involves a multi component reaction of
Petasis borono-Mannich and decarboxylative three-component
coupling reactions [2].
A series of 2-(acetamide-2-yl)-imidazolines with ﬁve points of
diversity have been prepared by an Ugi-4CR–Staudinger–aza-
Wittig-sequence starting from simple azidoalkylamines. The
intramolecular aza-Wittig cyclization between the iminophos-
phane and the tertiary amide of the Ugi product was achieved by
short microwave irradiation. Competitive cyclization to the sec-
ondary amide was not relevant, however, in some cases subse-
quent formation of bicyclic ortho-amidines was observed [3].
Compared to 1-tetralones, 2-tetralones are expensive, less
stable, and difﬁcult to synthesize. A concise bismuth-catalyzed
method has been developed for the synthesis of 2-tetralones from
5-phenylpent-1-yn-3-ol derivatives. Diverse 2-tetralones were
obtained in moderate to good yields under mild conditions [4].
The cyclodimerization reaction of N-substituted-5-hydroxy-
pyrrolydinones promoted by BF3Et2O and HCl to obtain sym-
metrical 1,4-dioxane derivatives has been achieved in moderate
to good yields, under mild conditions, and in short reaction times.
These transformations render a promising alternative route that
provides access to diverse 1,4-dioxane derivatives with a wide
structural diversity [5].
A simple and efﬁcient protocol for assembling a library of lin-
early fused spirocycles in a diversity-oriented manner by utilizing
two sequential atom-economic reactions such as a [2 + 2 + 2]
cycloaddition and the Diels–Alder reaction has been demonstrated.
Rongalite has been used for the formation of sultine derivatives,
which are useful latent diene equivalents suitable for the Diels–
Alder sequence to generate a library of polycycles under mild reac-
tion conditions [6].
A novel approach for the production of diverse sets of
diaminopyrimidines through sequential SNAr reactions has been
reported. 2-Chloro-4-tetraﬂuorophenoxypyrimidine which is
readily prepared reacts regioselectively with amines at the C-2
position. The tetraﬂuorophenoxy group at C-4 can then be replaced
with amines in a second SNAr to provide easy access to a different
and complementary set of diaminopyrimidines. The broad utility of
this ‘C-2 then C-4’ two-step sequence has been demonstrated with
a range of aromatic and aliphatic amines [7].
An enantiospeciﬁc and diversity oriented approach to a range of
functionalized eudesmane, nor-, iso-, and dihydroagarofuran
frameworks from ()-carvone has been reported. The cornerstone
of this approach is the installation of the quaternary carbon center
through reductive opening of the carvone epoxide and setting-up
of ring-closing metathesis reaction to generate the bicyclic eudes-
mane framework. Among the several eudesmane and dihydroa-
garofurans accessed during the present study, one has been
previously elaborated to isocelorbicol, thus constituting its formal
synthesis [8].
The formation of a library of chalcogen-containing DNA nucle-
obase derivatives has been presented. Reacting easily accessible
9-(2-bromoethyl)adenine with chalcogen-containing nucleophilic
reagents led to a series of novel heteroatom derivatives incorporat-
ing S, Se and Te atoms in satisfactory yields [9].
Scaffolds and synthons for combinatorial libraries
A practical synthesis of N-Fmoc protected L-ﬂuoroalanine
from L-serine has been reported. The key step involves a deoxoﬂuo-
rination reaction which was best achieved using XtalFluor-E in thepresence of triethylamine trihydroﬂuoride. The use of the L-ﬂuo-
roalanine in solid-phase peptide synthesis for the preparation of
a model tripeptide has also been described [10].
Solid-phase supported reagents
A sulfonated polymer impregnated carbon composite solid acid
catalyst has been prepared by the pyrolysis of a polymer matrix
impregnated with glucose followed by its sulfonation and used for
the dehydration of xylose to furfural. The catalyst exhibited excel-
lent activity and provided almost quantitative conversion of xylose
with the selective synthesis of furfural. After completion of the reac-
tion, the catalyst was easily recovered and reused for several runs
without noticeable loss in its activity and selectivity [11].
Four distinct microgel supported hydantoin chiral auxiliaries
have been prepared with four different cross-linkers and evaluated
in asymmetric Mannich reactions, which proceeded in good chemi-
cal yields and with excellent stereoselectivities. The microgel
supported hydantoin chiral auxiliaries could be reused for at least
four cycles without an appreciable reduction in the yield or
stereoselectivity [12].
Novel resins, linkers and techniques
No papers this month.
Library applications
A new hybrid template designed by linking three pharmaco-
phoric groups has been used for the generation of a library of
molecules as potential cytotoxic agents. Synthesis of these
polyazaheterocycles was carried out by using a strategy that
involved one-pot sequential azidation and CuAAC in water under
mild conditions. A number of 1,4-disubstituted 1,2,3-triazoles pos-
sessing quinolinylmethylene at N-1 and 1,2-dihydroquinolinyl
methylene at C-4 as different substituents were synthesized and
evaluated for their cytotoxic effects against various cancer cells.
Some of them showed encouraging activities against lung cancer
cells and one of them showed inhibition of PDE4 indicating the
potential medicinal value of these novel polyazaheterocycles [13].
In an attempt to devise new antimicrobial treatments for bioﬁlm
infections, the bacterial cell–cell communication system termed
quorum sensing has emerged as an attractive target. To identify
the structural elements important for antagonistic or agonistic
activity against the Pseudomonas aeruginosa LasR protein, the syn-
thesis and screening of new triazole-containing mimics of natural
N-acyl homoserine lactones has been reported. The compounds
were subjected to cell-based quorum sensing screening assays,
thereby revealing several bioactive compounds, including 13 com-
pounds with antagonistic activity and 9 compounds with agonistic
activity [14].
A 26-membered library of novel long-chain arylpiperazines,
which contained primary and tertiary amides of cyclic amino acids
(proline and 1,2,3,4-tetrahydroisoquinoline-3-carboxamide) in the
terminal fragment have been synthesized and biologically evalu-
ated for binding afﬁnity for 5-HT7 and 5-HT1A receptors. Selected
compounds, which behaved as 5-HT7Rs antagonists or 5-HT1A par-
tial agonists produced antidepressant-like effects in the forced
swim test in mice after acute treatment [15].
In an effort to design and synthesize a new class of a-glucosi-
dase inhibitor, a benzothiazole hybrid having benzohydrazide
moiety has been prepared. This compound was reacted with
various substituted aryl aldehydes to generate a small library of
compounds that were screened for their a-glucosidase activity.
They showed a varying degree of a-glucosidase inhibition with
IC50 values ranging between 5.31 and 53.34 lM [16].
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